Thioredoxin system in cell death progression.
The thioredoxin (Trx) system, comprising nicotinamide adenine dinucleotide phosphate, Trx reductase (TrxR), and Trx, is critical for maintaining cellular redox balance and antioxidant function, including control of oxidative stress and cell death. Here, we focus on the research progress that is involved in the regulation of apoptosis by Trx systems. In mammalian cells, cytosolic Trx1 and mitochondrial Trx2 systems are the major disulfide reductases supplying electrons to enzymes for cell proliferation and viability. The reduced/dithiol form of Trxs binds to apoptosis signal-regulating kinase 1 (ASK1) and inhibits its activity to prevent stress- and cytokine-induced apoptosis. When Trx is oxidized, it dissociates from ASK1 and apoptosis is stimulated. The binding of Trx by its inhibitor Trx interacting protein (TXNIP) also contributes to the apoptosis process by removing Trx from ASK1. TrxRs are large homodimeric selenoproteins with an overall structure which is similar to that of glutathione reductase, and contain an active site GCUG in the C-terminus. In the regulation of cell death processes, Trx redox state and TrxR activities are key factors that determine the cell fate. The high reactivity of Sec in TrxRs and its accessible location make TrxR enzymes emerge as targets for pharmaceutic drugs. TrxR inactivation by covalent modification does not only change the redox state and activity of Trx, but may also convert TrxR into a reactive oxygen species generator. Numerous electrophilic compounds including some environmental toxins and pharmaceutical drugs inhibit TrxR. We have classified these compounds into four types and propose some useful principles to understand the reaction mechanism of the TrxR inhibition by these compounds.